Protein catabolism was compared between fasted martens (Martes americana) and whitetailed prairie dogs (Cynomys leucurus). Amino acids in plasma decreased in white-tailed prairie dogs during fasting, but elevated in martens with a simultaneously reduced excretion of urea, thus suggesting the martens may have a higher turnover of proteins, but concomitantly greater recycling of nitrogen.
Terrestrial mammals in seasonally cold environments are exposed periodically to food shortages that lead to a negative energy balance. When deprived of food, these animals may first rely heavily on glycogen stores (Phase-I fast), then adipose triglyceride reserves (Phase-II fast), followed by use of protein as a fuel (Phase-III fast- LeMaho et aI., 1981) . Although each phase is characterized by use of one main substrate, other nutrients are catabolized to a lesser extent. Phase II is referred to as a period of conservation of proteins with an increased mobilization of fat reserves and consequent depression of catabolism of proteins and gluconeogenesis. It was the hypothesis of a previous paper that metabolites in blood, such as urea, glucose, and ketone bodies, during Phase II of a fast should be similar for fat and lean mammals and differ only in the magnitude of conservation of proteins (Harlow and Buskirk, 1991) .
Two species of mammals, comparable in size, but with different content of body fat were chosen to test this hypothesis. We reported the marten (Martes americana) to be a lean-bodied mustelid with <6% of total body weight as fat (Buskirk and Harlow, 1989) . In contrast, the white-tailed prairie dog (Cynomys leucurus), while similar to martens in size (ca. 1 kg), has ca. 27% of their body mass as fat. When fasted for 5 days, both white-tailed prairie dogs and martens demonstrated a similar profile of metabolites in plasma, which depicts a period of conservation of proteins. However, the extent of conservation of proteins during the Phase-II fast was different, inasmuch martens catabolized ca. 3.15 g protein/day compared to only 1.23 g/day by white-tailed prairie dogs (Harlow and Buskirk, 1991) . To further assess differences in the profile of turnover of proteins by these two species, we conducted the present study to assay changes in amino acids in plasma that reflect mobilization of proteins during the fasting period. Specifically, during the Phase-II fast, we monitored alanine and branched-chain amim;> acids, which are indicators of breakdown of proteins, to produce amino acids used for metabolism of tissues and for gluconeogenic production of glucose (Felig et aI., 1969) . Production of alanine from resting muscle exceeds that of all other amino acids (London et aI., 1965) . The branched-chain amino acids, valine, leucine, and isoleucine, are released from muscle and are used primarily by the brain (Felig et aI., 1969) . We hypothesized that levels of amino acids in plasma for both species would drop during a fast, indicative of reduced turnover of proteins, but that concentrations of amino acids in plasma would be relatively higher for martens than for prairie dogs at the end of the fast due to their greater reliance upon proteins.
MATERIALS AND METHODS
White-tailed prairie dogs (average weight of 1,200 g) were trapped in October and martens (average weight of 1,140 g) were trapped in January from southeastern Wyoming at elevations of 2,100 and 3,050 m, respectively. Prairie dogs were housed in stainless-steel metabolic cages (0.18 by 0.25 by 0.18 m) and martens in stainless-steel metabolic cages (0.50 by 0.64 by 0.50 m) for 2:2 weeks. Animals were maintained on a natural photoperiod at 22°C and experiments were conducted in February.
Martens received Purina Cat Chow and water ad lib. and prairie dogs received Purina Lab Blox and water ad lib. Both species maintained their weight during prefasting captivity. Five martens (four males, one female) were anesthetized, weighed and had a blood sample taken. Blood samples were obtained (in lithium heparin-treated containers) by cardiac puncture on animals anesthetized with ketamine hydrochloride (0.02 mg/g body weight). Due to the naturally lean condition of martens, a period of 5 days without food and water was believed to be at the upper end of a safe fast. The health of all animals was closely monitored during the fast. Particular attention was paid to the level of activity and general appearance of each individual. Food and water were removed and after 5 days these animals were again anesthetized, weighed, and a blood sample was taken. Eight whitetailed prairie dogs (four males, four females) were fasted for 5 days. Blood samples were taken before fasting and at 5 days after removal of food and water.
The O-phthalaldehyde method for pre-column derivatization of amino acids was employed in this study for analysis of amino acids at low picomole levels (Sista, 1986) . O-phthalaldehyde reacts only with primary amines in the presence of a mercaptan, thereby forming a fluorescent compound that was detected on a High Performance Liquid Chromatography (HPLC) system. Samples of plasma (25 fLl) were individually added to 20 fLl of 70% perchloric acid and vortexed. A portion of the supernatent (20 fLl) was r~moved, combined with 10 fLl of 0.7 N potasSIUm hydroxide, vortexed, cooled in an ice bath for 5 min and centrifuged at 2,500 rpm for 10
min. An alliquot of this supernatent (5 fLl) was added to 30 fLl of HPLC-grade water. Then, 5 fLl of this solution was combined with 5 fLl of internal standard, 20 fLl of O-phthalaldehyde stock solution and vortexed. After 30 s, 20 fLl of 0.1 M potassium phosphate was added, the mixture was agitated and aspirated into the injector after 60 s.
The chromatographic unit consisted of a Hitachi model 655 A-II HPLC pump equipped with a Rheodyne injection valve (model 7010) with a 20 fLl loop and a Hitachi model L-5OO0 gradient controller. A Hitachi model F 1000 fluorescence HPLC detector equipped with a xenon lamp was used to monitor the fluorescence. A Hibar, pre-packed Lichrosorb RP-18 (5 fLm) column was used to separate and identify amino acids. An Alltech, direct-connect Guard column was placed between the injector and the RP-18 column. Chromatographic peaks were integrated with a Hitachi Chromato-Integrator model D-2000. Solvent A consisted of a sodium acetate buffer at pH 6.1 with 0.5% tetrahydroflurane. Solvent B was 80% methanol and 20% sodium acetate buffer. A stock solution of O-phthalaldehyde was prepared by combining 1.25 ml methanol with 50 mg O-phthalaldehyde, 11.2 ml sodium borate (0.4 M, pH 9.5), and 50 fLl 2-mercaptoethanol. Amino acid standards (Sigma AA-S-18) were used to initially identify peaks and determine the percent recovery. The recovery rates of these amino acids ranged from 83 to 94%. AminoisobUlyric acid (DL) was used as an internal standard. Statistical analysis was conducted using a paired Student's t-test to identify significant differences in individual amino acids (P :0; 0.05) between fed and fasted states.
RESULTS AND DISCUSSION
There was good separation of alanine and branched-chain amino acids by the 0-phthalaldehyde-deri vatization procedure. Alanine and the branched-chain amino acids, valine, leucine, and isoleucine, were significantly elevated above prefasting values in the plasma of martens after 5 days of fasting (Fig. lb) . In contrast, these branched-chained amino acids significantly decreased in white-tailed prairie dogs fasted for 5 days compared to pre-fasting values, while alanine was unaltered (Fig. Ia) .
It may be argued that because white- tailed prairie dogs are spontaneous hibernators (Harlow and Menkens, 1986 ) and martens are not (Buskirk et aI., 1988) , they do not pose an ideal choice for comparison. However, it was the purpose of this study to investigate use of proteins by obese and lean mammals of similar body mass when deprived of food. Both animals experience periods of natural deprivation of food. During inclement weather, activity of martens is confined to their resting site without food (Buskirk et aI., 1988) . Hibernation by the white-tailed prairie dog is a biochemical state similar to extended fasting (Harlow, 1995) . Additionally, neither species appears to cache food for use in winter. Indeed, we have found that the white-tailed prairie dog does not eat throughout winter, even when food is available. As a result, these two species with comparable body mass both experience periods of natural deprivation of food, the largest difference being in the amount of fat they have stored.
What became evident in a previous study (Harlow and Buskirk, 1991) was that both species appear to be adapted to short-term fasts in spite of their differences in stores of fat. Martens and white-tailed prairie dogs demonstrate a decrease in excretion of urinary urea, a reduced ratio of urine and blood urea-creatinine and an elevated concentration of ~-hydroxybuteric acid in blood all of which imply a reduction in catabolism of proteins typical of a proteinconserving, Phase-II stage of fasting (Young and Scrimshaw, 1971) . However, the present study suggests that, whereas martens may exhibit a reduction in breakdown of proteins, the elevated levels of alanine and branched-chain amino acids suggest an actual increase in turnover of proteins by fasting martens compared to a decrease by the fasting, obese white-tailed prairie dogs. Indeed, there appears to be a paradox in this system. For martens to have an elevation in levels of amino acid in plasma during a fast and a concomitant reduction in urinary urea (as previously reported), some of the urea was not accounted for in the excreted urine.
Urea has been demonstrated, in many mammals, to move passively from the blood into the intestinal tract (Harlow, 1987; Houpt, 1963; Mossberg and Ross, 1967; Wrong, 1978) , where urealitic microbes hydrolyze the urea to ammonia. This ammonia is believed to move back into circulation and to be carried to the liver where it is used as a nitrogen substrate for synthesis of amino acids (Harlow, 1987; Nelson et aI., 1975; Walser and Bodenlos, 1959) . We previously demonstrated that whitetailed prairie dogs and martens can hydrolyze urea and do so at about the same rate. Counts per minute (cpm) of 14C-urea hydrolyzed per milliliter of oxygen consumed for martens (8.27 ± 1.67 cpm/ml 02; mean ± 1 SE) was not significantly different from white-tailed prairie dogs (9.8 ± 3.71 cpm/ ml 02) when provided food and water (Harlow and Buskirk, 1991) . However, there is a confounding variable to consider. Recycling of urea reported in our previous paper was conducted on martens that were not fasted, and we did not compare the two species while fasted. In an earlier study, Harlow (1987) found that short-term fasting results in a decrease in hydrolysis of urea by fat animals, but not by lean ones. This implies that during fasting the higher catabolism of proteins in lean martens provides a continuous substrate of urea and maintains a greater biomass of urealitic micro flora in the alimentary tract and, therefore, higher hydrolysis of urea. The consequence of this factor would, indeed, account for the paradox of a higher turnover of protein as evidenced by elevated levels of amino acids in plasma of fasted martens and concomitant reduction in excretion of urea. Therefore, although both species enter a protein-conserving phase during a comparable fast, martens require more protein as a source of fuel than do white-tailed prairie dogs. We conclude that martens may be adapted to this situation by conserving protein through recycling of urea, whereas the white-tailed prame dog conserves protein by relying more on its reserves of fat.
